cAMP activates multiple signal pathways, crucial for the pancreatic ␤-cells function and survival and is a major potentiator of insulin release. A family of phosphodiesterases (PDEs) terminate the cAMP signals. We examined the expression of PDEs in rat ␤-cells and their role in the regulation of insulin response. Using RT-PCR and Western blot analyses, we identified PDE3A, PDE3B, PDE4B, PDE4D, and PDE8B in rat islets and in INS-1E cells and several possible splice variants of these PDEs. Specific depletion of PDE3A with small interfering (si) RNA (siPDE3A) led to a small (67%) increase in the insulin response to glucose in INS-1E cells but not rat islets. siPDE3A had no effect on the glucagon-like peptide-1 (10 nmol/ liter) potentiated insulin response in rat islets. Depletion in PDE8B levels in rat islets using similar technology (siPDE8B) increased insulin response to glucose by 70%, the potentiation being of similar magnitude during the first and second phase insulin release. The siPDE8B-potentiated insulin response was further increased by 23% when glucagon-like peptide-1 was included during the glucose stimulus. In conclusion, PDE8B is expressed in a small number of tissues unrelated to glucose or fat metabolism. We propose that PDE8B, an 3-isobutyl-1-methylxanthine-insensitive cAMP-specific phosphodiesterase, could prove a novel target for enhanced insulin response, affecting a specific pool of cAMP involved in the control of insulin granule trafficking and exocytosis. 
cAMP activates multiple signal pathways, crucial for the pancreatic ␤-cells function and survival and is a major potentiator of insulin release. A family of phosphodiesterases (PDEs) terminate the cAMP signals. We examined the expression of PDEs in rat ␤-cells and their role in the regulation of insulin response. Using RT-PCR and Western blot analyses, we identified PDE3A, PDE3B, PDE4B, PDE4D, and PDE8B in rat islets and in INS-1E cells and several possible splice variants of these PDEs. Specific depletion of PDE3A with small interfering (si) RNA (siPDE3A) led to a small (67%) increase in the insulin response to glucose in INS-1E cells but not rat islets. siPDE3A had no effect on the glucagon-like peptide-1 (10 nmol/ liter) potentiated insulin response in rat islets. Depletion in PDE8B levels in rat islets using similar technology (siPDE8B) increased insulin response to glucose by 70%, the potentiation being of similar magnitude during the first and second phase insulin release. The siPDE8B-potentiated insulin response was further increased by 23% when glucagon-like peptide-1 was included during the glucose stimulus. In conclusion, PDE8B is expressed in a small number of tissues unrelated to glucose or fat metabolism. We propose that PDE8B, an 3-isobutyl-1-methylxanthine-insensitive cAMP-specific phosphodiesterase, could prove a novel target for enhanced insulin response, affecting a specific pool of cAMP involved in the control of insulin granule trafficking and exocytosis. G LUCOSE METABOLISM IS the primary initiator of secretory processes in pancreatic ␤-cells and controls multiple key functions including cellular ion levels, protein synthesis (in particular insulin) and processing, granular trafficking and exocytosis, the activity of numerous genes, cell division and apoptosis, etc. (for review see Refs. 1, 2). These cellular functions are mediated by a host of signal pathways downstream to glucose metabolism; each must be independently regulated to coordinate optimal ␤-cell function. cAMP is an important signal messenger in pancreatic ␤-cells and is the strongest potentiator of insulin secretion (3, 4) . Glucose stimulus leads to a small increase in cAMP, the latter plays a critical role in the glucose competence of the secretory mechanism of the pancreatic ␤-cell (5-10). Several neuronal and hormonal stimuli affect cAMP levels, via G protein-mediated activation of at least six isoforms of adenylate cyclase (4, 11) . Until the mid-1990s, it was believed that all cAMP effects are mediated by the activation of a number of isoforms of protein kinase A (PKA), although not all cAMP effects could be blocked by inhibitors of PKA. The different combinations of three isoforms of the catalytic subunit with four isoforms of the regulatory subunit could be one way to account for the versatility of cAMP actions (12) ; a large number of PKA anchoring proteins targeting the kinase to the selected effector could be another way (13) . In 1998, with the identification of a family of cAMP binding proteins that directly activate Rap1 (a member of the Ras superfamily oncogenes, a guanine nucleotide binding protein), Kawasaki et al. (14) discovered new, PKA-independent pathways that transduce cAMP signals. Four years later, Kashima et al. (15) reported the role of cAMP-GEFII (guanine nucleotide exchange factors-II) Rim2 (a target of the small G protein Rab3 that mediates cAMP-dependent, PKA-independent exocytosis in a reconstituted system), also known as Epac2 (exchange protein activated by cAMP-2), in the control of insulin secretion, thus introducing new pathways for cAMP-dependent regulatory signals.
At present, the multiplicity of cAMP actions in pancreatic ␤-cells still raises the question of by which mechanisms the independent coordination is achieved. Indeed, the cellular localization, timing, and duration of each of these signals must be independently controlled. cAMP-dependent phosphodiesterase (PDE) is the only known degrading enzyme that hydrolyzes the nucleotide to its inactive 5Ј-AMP form and hence switches off its signal (4) . The PDE superfamily is functionally and structurally grouped into 21 gene-families that contain more than 50 splice variant isoenzymes, several of which use cyclic GMP as substrate, whereas a number are less cyclic nucleotide specific, adapted to hydrolyze both cAMP as well as cyclic GMP (16) . The fact that some PDE isoforms were reported to be associated with a specific cell compartment (17) makes them more attractive as possible regulators of specific cAMP functions. Indeed, PDE3B, the isoenzyme long considered the primary phosphodiesterase involved in the exocytotic process in pancreatic ␤-cells, was recently shown to function primarily in the most distal steps the granule fusion (18) , an observation that raised the possibility that other cAMP activities may be controlled by additional, undefined PDE isoforms. Finally, the fact that an increasing number of soluble, family-selective inhibitors of PDE have been recently reported, may make one or more PDE isoenzyme an attractive drug target for enhanced insulin response in type 2 diabetes mellitus.
Materials and Methods Animals
Male Wistar rats weighing 175-250 g were anesthetized by ip injection of 100 mg/kg thiopentone sodium. Pancreata were removed and islets isolated as previously described (19) using 2.5 mg Collagenase P (Roche, Roche Molecular Biochemicals, Mannheim, Germany) per pancreas. Animal use was with full adherence to Institutional Ethical Committee Guidelines of the Hebrew University.
Cultures
INS-1E ␤-cells were generously provided by Dr. Pierre Maechler (University Medical Center, Geneva, Switzerland) and were grown as specified in (20) . Freshly isolated islets were cultured in RPMI 1640 medium supplemented with 10% fetal calf serum, 10 mmol/liter HEPES, 100 U/ml penicillin, and 100 mg/ml streptomycin (Biological Industries, Bet Haemek, Israel).
PDE mRNA expression
Islet or ␤-cell RNA was extracted with Trizol (Invitrogen, Carlsbad, CA) and washed with chloroform on ice. After 15 min centrifugation at 12,000 rpm, 4 C, the top layer was washed with 0.5 ml ice-cold isopropanol for 10 min and centrifuged as before for 10 min, and the pellet was washed again with cold 75% ethanol, spun at 4700 rpm for 5 min and suspended in RNase-free water. RNA concentration was determined by NanoDrop (NanoDrop Technologies, Wilmington, DE) and its integrity assessed on 1% SeaKem LE agarose (BioScience, Rockland, ME) and ethidium bromide (Continental Lab Products, San Diego, CA,) under UV light. Five hundred nanograms RNA were used to produce cDNA in a reaction containing 40 U Rnasin, 200 U reverse transcription enzyme, and 1 mmol/liter deoxynucleotide triphosphates (all from Promega, Madison, WI), and 50 l Rnase-free water. PDE primer sequences were either obtained from published literature or from National Center for Biotechnology Information (NCBI; Bethesda, MD) GenBank using Emboss Eprimer3 (Whitehead Institute, Cambridge, MA). Cyclophilin was used as reference gene product. Table 1 lists primer sequences used to identify PDE expression in this study. For RT-PCR, 0.025 U/l Taq polymerase (Applied Biosystems, Foster City, CA,) and 15 pmol primer in a final volume of 20 l were used. The mix was preheated for 5 min at 94 C and then underwent 40 cycles of 45 sec at 94 C followed by 1 min at 53-59 C according to the primer's melting temperature and 1 min at 72 C, followed by an additional 5 min at 72 C using a thermal cycler PCR machine (T3 Thermocycler; Biometra, Biomedizinische Analytik, Goettingen, Germany).
For real-time PCR (ABI Prism 7000; Applied Biosystems), Syber Green PCR master mix was used with 8 pmol of the following primers: for cyclophilin, the control gene, the sense sequence was TGAATATCT-GAAGCACAATGTTCGA; the antisense sequence was TGCTTGCCAT-AGGTGATGAAGA. For PDE3A, we used TGAGACCAACAACAA-CAGTGA for sense and GAGTATAGGTGCCACAAGCC for antisense. The amplification program included 10 min of hot strat at 95 C, followed by 40 cycles of 15 sec at 95 C and 1 min at 60 C.
Protein blots and PDE imaging
Where quality antibodies were available, the expression of PDE isoenzyme was confirmed by Western blot. Isolated islets or INS-1E cells were homogenized in 24 mg/ml sucrose, 10 mmol/liter HEPES, 1.0 ml protease inhibitor set (Roche Diagnostics, Mannheim, Germany). Protein concentration was determined using a protein assay (Bio-Rad, Munich, Germany) on the postnuclear fraction (3200 rpm, 10 min, Beckman JA-5) and mixed with 2ϫ Laemmli sample buffer. After a brief heating (2 min, 98 C), samples were run on 7% SDS-PAGE, blotted onto nitrocellulose filters, imaged with horseradish peroxidase-conjugated antirabbit IgG (HϩL) (Promega), and developed with EZ-ECL (Biological Industries).
The PDE isoenzymes were blotted using the following antisera: polyclonal PDE3A and PDE8B antibodies were from FabGennix (Frisco TX); polyclonal PDE3B antibody was a gift from Dr. Vincent Maganiello (National Institutes of Health, Bethesda, MD); polyclonal PDE4B antibody was from Santa Cruz Biotechnologies (Santa Cruz, CA); and monoclonal PDE4D antibody was from ICOS Corp. (Bothell, WA).
Small interfering RNA (siRNA) constructs and transfection
Most recent sequence entries of the NCBI GenBank were used to design 21 oligomer (mer) or 27 mer double-stranded siRNA nucleotide constructs. For PDE3A we used: (sense) GCCUAGGUGGCGCGACAUGGCUGdGdT; (antisense) ACCAGCCAUGUCGCGCCACCUAG-GCAG. For PDE8B we used: (sense) GCCAUAGAAAUAACAAGUGAUGAdCdC; (antisense) GGUCAUCACUUGUUAUUUCUAUGG-CUU. Lipofectamine 2000 was used as vehicle for transfection, following the protocol recommended by Invitrogen. Reagent ratios were precalibrated by transfecting INS-1E cells with fluorescent, scrambled 21 mer construct (siGLO RISC-Free; Dharmacon, Lafayette, CO) and assessment by fluorescence-activated cell sorter (FACSCalibur; Becton Dickinson, Franklin Lakes, NJ). Scrambled negative control siRNA was from Integrated DNA Technologies (Coralville, IA). The transfection efficiency routinely exceeded 90%. The same conditions were then used for isolated islets, and homogeneity and penetration were evaluated by sequential confocal microscopic imaging at 5 m z-plane sections.
Insulin secretion studies
One to 2 million INS-1E cells per well were grown in 6-well plates (BD Falcon, Franklin Lakes, NJ) as described (20) . Cells were replated 24 h before transfection in antibiotic-free medium and the medium exchanged with the regular growth medium 6 h after transfection. Insulin response to stimuli was studied 3 d after transfection using HEPES (10 mmol/liter)-Krebs-Ringer bicarbonate buffer, pregassed with O 2 /CO 2 (95%/5%) (pH 7.4) and supplemented with 0.5% BSA (Fraction V; Sigma-Aldrich, Rehovot, Israel). Basal buffer for INS-1E cells contained 1.0 mmol/liter glucose, and 7.0 mmol/liter glucose were used for stimulation. Experiments were performed in a 37 C incubator supplemented with 5% CO 2 and usually extended for 60 min. Medium was carefully aspirated for determination of rat insulin (Linco Research, St. Louis, MO), and cells were lifted with trypsin (Biological Industries) for counting or for DNA determination (Sigma-Aldrich).
Freshly isolated islets were washed with Hanks' buffer and then with sterile RPMI 1640 medium, transfected, and cultured as INS-1E cells. Perifusion studies were done on d 3 or 4 after transfection, using 50 islets placed in a 25-mm Swinnex chamber (Millipore Corp., Billerica, MA) at a rate of 1.0 ml/min, in a 37 C bath, under continuous O 2 /CO 2 (95%/5%) bubbling. Perifusion medium contained HEPES (10 mmol/liter)-KrebsRinger bicarbonate buffer (pH 7.4) and supplemented with 0.5% BSA and 2.5 mmol/liter glucose. After 60 min preequilibration, two samples were collected at 5-min intervals and then every minute during glucose stimulus (16.7 mmol/liter) for the first 20 min, followed by collection every 5 min for additional 35 min and then every minute for the rest of the experiment. Insulin was determined using rat RIA kit (Linco Research Laboratories); mean interassay coefficient of variation was 4.5%. Insulin release was expressed as fold basal release rate (see Figs. 4 and 5) or as net area under the curve during the first phase (initial 10 min) and second phase (subsequent 50 min) of stimulation with 16.7 mmol/ liter glucose (Table 2) .
Statistical analysis
Data from cultured INS1-E cells was analyzed by paired, two-tailed Student's t test; phasic insulin response was analyzed using ANOVA and Tukey-Kramer multiple comparisons test. Confidence level was set at 95%.
Results

PDE families expression in rat pancreatic ␤-cells
To identify the PDE isoenzymes expressed in rat pancreatic ␤-cells, we designed primers based on most recent data reported in the NCBI GenBank (Table 1) , selecting sequences that cover all presently known splice variances. Using two or more different primers, we identified the expression of 11 PDE isoenzymes in INS-1E cells, only six of which were also expressed in Wistar rat islets (Fig. 1) . Using similar amount of cDNA from both preparations, we identified strong mRNA signals for PDE3B, PDE4D, and PDE8B in rat islets as well as INS-1E cells. Weaker signals were detected in rat islets for PDE3A and PDE4B, whereas the corresponding mRNA expression in INS-1E cells was rather strong. Of even greater contrast was the expression of PDE4A mRNA: using similar amounts of cDNA and 40 cycles for both preparations, in rat islets the expression of this isoform was very weak, whereas in INS-1E cells, the signal was quite pronounced. We were unable to detect mRNA or observed an extremely weak signal for PDE1B, PDE2A, PDE5A, PDE8A, or PDE9A in rat islets, whereas INS-1E cells displayed a clear expression of these isoenzymes. No mRNA was detected in either preparation for PDE1A, PDE1C, PDE7B, PDE10A, and PDE11A (Fig. 1) . Identification of PDE proteins is considerably more difficult and limited by the availability of high-quality antibodies. Using the antisera we consider as of adequate quality, Fig. 1B lists the expression of PDE isoenzymes and splice variants identified by Western blot, based on conserved antigenic motifs. With consideration for these limitations and using similar concentrations of protein (40 g/lane), we observed four bands of PDE3A in INS-1E cells, at approximately 60, 80, 120, and 140 kDa, whereas in rat islets, only the two lowermolecular-weight isoforms of PDE3A were observed. Using polyclonal antibodies (kindly provided by Dr. Vincent Maganiello, NIH), we observed only one protein band at approximately 135 kDa of the cyclic GMP-inhibitable PDE3B in both INS-1E cells and rat islets. Four clear bands of PDE4B were observed in INS-1E cells, at approximately 66, 78, 90, and 105 kDa, with the 90-kDa band being the predominant band. Similar quantity of rat islets protein (100 g/lane) displayed only two of these PDE4B isoforms: the 90-and 66-kDa isoenzymes. Three variants of PDE8B were observed in INS-1E cells, producing heavy bands in 7% SDS-PAGE at approximately 68, 80-, and 85 kDa, whereas in rat islets, four such bands were observed; the additional clear band showing at approximately 64 kDa. Whereas it is impossible to completely rule out that the low-molecular-weight band consists of breakdown products of the larger proteins, the stringent extraction conditions, and the reproducibility of the bands' sizes suggests the presence of an additional PDE8B isoenzyme.
Role of PDE3A and PDE8B in insulin secretion
The multiplicity of PDE isoenzyme expression in ␤-cells prompted us to use siRNA methodology to define the specific contribution of PDE3A and PDE8B, two isoenzymes previously not explored for their role in the cAMP-potentiated insulin response. Figure 2A shows the efficiency of siPDE3A, a 27-mer siRNA, in diminishing PDE3A mRNA levels as determined by real-time PCR 48 h after transfection of INS-1E cells. Routinely, we observed 75-90% decline in mRNA levels in INS-1E cells transfected with 100 nmol/liter of siPDE3A. Figure 2B shows a corresponding small increase (67%) in insulin response to glucose stimulus in these cells 3 d after transfection with siPDE3A. Figure 3A shows the efficiency of siPDE8B, a 27-mer siRNA, in diminishing PDE8B protein levels as determined by Western blot analysis 72 h after transfection of INS-1E cells. When normalized for glyceraldehyde-3-phosphate dehydrogenase levels as a reference housekeeping enzyme, a 40% decline was observed in the 80/85-kDa isoenzyme and 50% decline was detected in the 68-kDa isoenzyme (Fig. 3B,  n ϭ 3) . siPDE8B increased the insulin response of the INS-1E cells to glucose by more than 2-fold (Fig. 3C) . We next examined the effects of the diminished PDE3A and PDE8B levels on the dynamics of insulin response to glucose in isolated rat islets (Fig. 4 and Table 2 ). Transfection with siPDE3A, which resulted in a small effect on glucose-induced insulin response in INS-1E cells, resulted in a small decrease in insulin response to glucose (16.7 mmol/liter) in perifused rat islets: the first-phase insulin response was 45% lower and the second-phase insulin response was 33% lower; both phases were significantly lower as compared with rates observed in islets transfected with inactive siRNA (srmbsiRNA) ( Table 2 ). On the other hand, transfection with siPDE8B resulted in 70% increase in both phases of insulin response to glucose (Fig. 4 and Table 2 ). Islets insulin contents was not affected by the procedure: 3 d after transfection, nontransfected control islets contained 11.4 Ϯ 1.8 ng insulin/ islet; islets transfected with scrambled siRNA duplex contained 10.3 Ϯ 1.3 ng insulin/islet; islets transfected with siR-PDE8B contained 9.5 Ϯ 0.4 ng insulin/islet (n ϭ 8, eight and seven studies, respectively). Rates of basal insulin release were also unaffected by transfection with siRNA: 3 d after transfection, these rates were 0.26 Ϯ 0.06 ng per 50 islets ⅐ min in nontransfected islets, (n ϭ 14); 0.30 Ϯ 0.07 ng per 50 islets ⅐ min in islets transfected with scrambled siRNA (n ϭ 11); 0.27 Ϯ 0.09 ng per 50 islets ⅐ min in islets transfected with siR-PDE8B (n ϭ 16); 0.29 Ϯ 0.04 ng per 50 islets ⅐ min in islets transfected with siR-PDE3A (n ϭ 15).
Do either PDE3A or PDE8B affect insulin response to glucagon-like peptide (GLP-1)? Application of 10 nmol/liter GLP-1 to perifused rat islets subjected to glucose (16.7 mmol/ liter) stimulus increased both phases of insulin response significantly ( Fig. 5 and Table 2 ); first phase increased by 77-82% and second phase by 32-48%. However, application of GLP-1 to islets previously transfected with siPDE3A failed to further stimulate the insulin response above that of the incretin alone (Fig. 5A and Table 2 ). Similarly, whereas prior transfection with siPDE8B dramatically increased the insulin response to glucose alone (Figs. 4 and 5B and Table 2 ), application of GLP-1 to islets transfected with siPDE8B had no further effect (Fig. 5B and Table 2 ).
Discussion
The cAMP signal pathways can be considered the second most important pathways affecting the pancreatic ␤-cell's phenotype, second only to glucose metabolism. In these cells, cAMP is generated by at least six different adenylate cyclase isoenzymes, localized at different cellular compartments (4, 11) and involved in the regulation of a diverse spectrum of ␤-cell functions, including replication, apoptosis (21) (22) (23) , and the cooperative control of numerous genes (e.g. Refs. 24 -27) . In this study, our focus was cAMP's role in the control of insulin secretion. The potentiating effect of cAMP on insulin secretion has been known, and was of major interest, since 1973 (5-10). cAMP rapidly initiates downstream signal pathways, and isoenzymes of the PDE gene family are the primary means the cell uses to terminate these signals. Phar- , an RNAi duplex designed to identify the conserved region of the PDE8B subfamily. For quantifying PDE8B levels, short SDS-PAGE was used for Western blot. B, Densitometric evaluation of the two major protein bands of A, expression of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as reference (n ϭ 3). C, Insulin response to glucose (fold ϭ 7.0 vs. 1 mmol/liter) was increased by more than 2-fold in cells transfected with siPDE8B (n ϭ 4, P ϭ 0.006).
macological targeting of the cAMP pathway(s) potentiating insulin production or release, is a difficult undertaking, mostly because of the diversity of the nucleotide's actions in pancreatic ␤-cells, albeit nearly all being beneficial for the cell's function (3, 4) . Isoform-selective activators of adenylate cyclase isoenzymes are not available as yet, and nonselective activators, such as forskolin, are clearly of major risk for the organism. On the other hand, the concept of potentiation of insulin production and release is of major clinical interest and therefore prompted flourishing research over the ability of the incretin GLP-1, or its analogs, to amplify the insulin response of the diabetic pancreas via the cAMP pathways (e.g. Refs. 28 -33) . However, whereas the GLP-1 is already at the stage of clinical evaluation in several centers, its inherited drawback would still be the need to inject the therapeutic peptide.
Attempting to identify all PDE isoforms expressed in rat pancreatic ␤-cells, in this study we used primers for RT-PCR, using family-conserved sequences. We clearly identified the expression of five PDE isoenzymes in rat islets: PDE3A, PDE3B, PDE4B, PDE4D, and PDE8B. INS-1E cells expressed similar isoenzymes with the addition of six others: PDE1B, PDE2A, PDE4A, PDE5A, PDE8A, and PDE 9A. This was unexpected because INS-1E is a homogeneous rat ␤-cell preparation (13), whereas isolated rat islets contain numerous non-␤-cells. We must therefore conclude that the process of transformation of these cells induced the expression of a number of otherwise silent genes. This observation should stand as a precaution against attempts for unwarranted physiological conclusions in studies using exclusively cell lines.
To date, only PDE3B has been seriously explored as a potential target for enhanced cAMP-induced insulin release (18, 34, 35) . However, its wide expression, and its extrapancreatic role in glucose and lipid metabolism, inevitably makes this isoenzyme unattractive for pharmacological manipulation (4). PDE3A was strongly expressed in INS-1E cells and somewhat weaker in rat islets and was selected as the second isoenzyme for reference. PDE4B and PDE4D were also observed and their function should also be explored. Han et al. (36) used pharmacological manipulation to conclude that the calcium/calmodulin PDE1C was involved glucose mediated insulin response in a mouse cell line. Using three different primer sets, we were unable to trace PDE1C in rat islets or rat cell line. This difference in expression may be attributed to species differences and/or the process of transformation involved in immortalizing the ␤Tc cells as was observed in INS-1E cells (see above). Importantly, the PDE8 gene family is known to be expressed only in limited number of tissues (37) (38) (39) (40) (41) and therefore was selected for this study. In this study, we chose to use siRNA technology to diminish the enzyme's activity for its unquestionable specificity and selectivity, as compares with pharmacological approaches, which often require cross-confirmation by another inhibitory method. Importantly, partial diminution of PDE8B levels led to a dramatic potentiation of insulin response to glucose in the perifused rat islets preparation. The enhancement was similar during both first-and secondphase insulin response, which suggests that it affects a pool of cAMP involved in recruitment and trafficking of insulin granules and not merely a pool that potentiates the first phase of insulin release (18) .
Data in this study suggest that PDE3A plays no significant role in the glucose-mediated insulin response as well as in the GLP-1-potentiated insulin response in the perifused rat is -FIG. 4 . Insulin response to glucose was enhanced in islets transfected with siPDE8B but not PDE3A. The dynamics of first-and secondphase insulin response to 16.7 mmol/liter glucose was potentiated by 2-fold in isolated perifused rat islets 3-5 d after transfection with siPDE8B (n ϭ 8) but not siPDE3A (n ϭ 6). Control islets were transfected with scrambled 21 mer siRNA.
FIG. 5. GLP-1 potentiated the insulin response to glucose in isolated rat islets but not the effects of siPDE3A (A; n ϭ 9) or siPDE8B (B; n ϭ 8). GLP-1 (10 nmol/liter) was added to the perifusion medium together with the stimulating concentrations (16.7 mmol/liter) of glucose. Control islets were transfected with scrambled 21 mer siRNA.
lets. On the other hand, partially diminished activity of PDE8B (30 -50%), resulted in dramatic potentiation of insulin response to glucose, well above that was observed in response to 10 nmol/liter GLP-1. The fact that the two effects were not additive in their potentiation of the dynamics of insulin response to glucose may suggests the involvement of one common pool of cAMP, which enhances the trafficking and exocytosis of insulin granules. Also, whereas GLP-1's primary effect in pancreatic ␤-cells is mediated via the cAMP signal pathways, this incretin is known to initiate additional cAMP-independent pathways (42) . One possible implication of this study is that the cAMP pools of pancreatic ␤-cells are functionally compartmentalized in relationship to exocytosis and affected by two phosphodiesterase isoforms (PDE8B and PDE3B) and not by others. This is consistent with multiple, unrelated functions of cAMP (21) (22) (23) (24) (25) (26) (27) , compartmented adenylate cyclase isoenzymes (4, 11, 43, 44) , and compartmented PKA subunits and their A kinase anchoring proteins (45) (46) (47) as well as compartmented PDEs (4, 18) .
Data on PDE8B are limited; even more so is the role of this isoenzyme in pancreatic ␤-cells. As an 3-isobutyl-1-methylxanthine-insensitive enzyme (33), PDE8B could account for the approximately 10% remaining islet PDE activity after the addition of maximal concentration of that nonselective PDE inhibitor (4). Using polyclonal antibodies (FabGennix) and stringent protease-inhibitory conditions, we routinely identified four bands of protein in SDS-PAGE, at approximately 85, 80, 68, and 64 kDa. Using several primer sets designed for different regions of the enzyme, Kobayashi et al. (38) reported only one mRNA signal in rat brain, corresponding to a 760-amino acid protein. In contrast, the human PDE8B gene expresses at least three splice variants in different tissues, encoding for proteins of 885, 838, and 788 amino acids (37) . Despite the stringent conditions used in this study, we cannot rule out that one or more of the 80-, 68-, or 64-kDa peptide bands were degradative products of the 760-amino acid PDE8B. On the other hand, to date, of the 21 PDE gene families, more than 50 splice variant enzyme products were described. The different isoenzymes show unique tissue expression, subcellular localization, alternative enzymatic regulation, or unique protein-protein interaction. Thus, the possibility that pancreatic ␤-cells express new PDE8B splice variants could be an interesting objective for investigation, especially because one or more of these isoforms may prove to be a highly selective target for enhancement of the normal dynamics of insulin response to glucose.
Integrating our data of multiple cAMP-PDE isoenzymes in pancreatic ␤-cells with different functions, with data from other laboratories demonstrating multiple cAMP functions, as well as multiple subunits or isofrms of adenylate cyclase, PKA, and Epacs, the conclusion should be that cAMP is functionally compartmentalized in ␤-cells, each pool independently regulated by one or more PDE isoenzymes. Therefore, selective inhibition of a specific PDE isoenzyme may prove a useful approach to target a specific function mediated by ␤-cell cAMP. 
